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FOREWORD 




Space Station Freedom , now under development, is a manned low Earth orbit 
facility which will become part of the space infrastructure. Starting in the mid 
1990s, Freedom will support a wide range of activities, including scientific 
research, technology development, commercial ventures and, eventually, serve as 
a transportation node for space exploration. While the initial facility will not be 
capable of meeting all requirements, the space station will evolve over time as 
requirements and on-board activities mature and change. The space station 
design, therefore, allows for evolution to: 

- expand capability, 

- increase efficiency, and 

- add new functions. 

It is anticipated that many of the evolutionary changes will be accomplished 
through on-orbit replacement of systems, subsystems, and components as 
technology advances. Therefore, technology development is critical to ensure the 
continuing operation and expansion of the facility. 

The Office of Aeronautics, Exploration and Technology (OAET) has sponsored 
development of many of the technologies that are now part of Space Station 
Freedom ' s baseline design. Evolutionary and operational aspects of Freedom 
continue to be an important thrust of OAET’s Research and Technology (R&T) 
efforts. 


This workshop has been an important step in our understanding of the space 
station's baseline systems, the evolutionary scenarios including the station's role 
in space exploration, and the technologies that will be necessary to meet 
evolutionary and growth requirements. 


It is anticipated that application of the information acquired through the 
workshop will lead to further technology development efforts to benefit Freedom 
and will lead to continued collaboration between the Space Station Freedom 
Program and the technology development community. ___ 
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CLARIFICATION 


Since the workshop was conducted in January of 1990, there have been some 
organizational changes throughout the agency. The Office of Aeronautics and Space 
Technology (OAST) has been reorganized to include the former Office of Exploration 
and is now called the Office of Aeronautics, Exploration, and Technology (OAET). 
Also, the Human Exploration Initiative (HEI) has been expanded and renamed the 
Space Exploration Initiative (SEI). Some of the materials m these proceedings were 
prepared after the workshop, and, therefore, references to new organizational entities 
ano new programs may be found in certain sections. 



TECHNOLOGY FOR SPACE STATION EVOLUTION - A WORKSHOP 
Technology Disciplines (STRUCT/MATLS - THERMAL) 

VOLUME V 


Foreword 

Contents 

Introduction to Volume V 


i 

iii 

1 


$tnicnire$/M<itgna i$ 

Level III Subsystem Presentation: 

Structures tor Space Station Freedom, Overview of Current Concept - 5"/ 

Kornel Nagy, JSC 
Invited Presentations: 

Structural Technology Challenges for Evolutionary Growth of Space 87“ 
Station Freedom - Dr. Harold Doiron, McDonnell Douglas Space 
Systems 

LDEF Bt lefits/Impact on Future Space Systems - Dr. Darrel R. 113 

Tenney, LaRC _ 

Approaches to Dealing with Meteoroid and Orbital Debris Protection 115 
on the Space Station - Donald J. Kessler, JSC 
An Evolutionary Construction Facility for Space Station Freedom - 167 7 

Richard M. Gates, Boeing Aerospace Co., Robert Buchan, LaRC, 
and Laura Waters, Analytical Mechanics Associate ^ 

Welding/Brazing for Space Station Repair - Prof. David Dickinson, 207 ' ~ 
Ohio State University, H. W. Babel, McDonnell Douglas 
Astronautics, H. R. Conaway, Rocketdyne Division, and W. H. 

Hooper, Martin Marietta r 

Precision Reflector Orbital Build Experiment (PROBE), A 269 " ^ 

Proposed Flight Experiment to Study EVA Assembly of Precision 
Segmented Reflectors - Walter L. Heard, LaRC _ ^ 

Automated Assembly of Large Space Structures - Marvin Rhodes, 301 " ' 

LaRC 


Thermal ControLSystem 
Level III Subsystem Presentation: 

Thermal Systems - J. Rogan, Me Donnell Douglas 327“ d 

Invited Presentations: 

Advanced Interface Heat Exchangers for the Space Station Main 347- / 

Thermal Bus - Javier A. Valenzuela, CREARE, Inc. . 

Space Station Freedom Central Thermal Control System Evolution - 393 ° 

Eric Olsson, Lockheed Engineering and Sciences Co. ,, 

Advanced Automation of a Prototype Thermal Control System for 413'” 

Space Station - Jeff Dominick, JSC 


INTRODUCTION 


NASA's Office of Aeronautics and Space Technology (OAST) conducted a workshop 
on technology; for space station evolution Januaiy 16-19, 1990, in Dallas, Texas. The 
purpose of this workshop was to collect and clarify Space Station Freedom technology 
requirements for evolution and to describe technologies that can potentially fill those 
requirements. OAST will use the output of the workshop as input for planning a 
technology program to serve the needs of space station evolution. The main product of 
the workshop is a set of program plans and descriptions for individual technology areas. 
These plans are the cumulative recommendations of the more than 300 participants, 
which included researchers, technologists, and managers from aerospace industries, 
universities, and government organizations. 

The identification of the technology areas to be included, as well as the development of 
the program plans, was initiated by assigning NASA chairmen to the eleven technology 
disciplines under consideration. The disciplines are as follows: 

Attitude Control and Stabilization (ACS) 

Communications and Tracking (C&T) 

Data Management System (DMS) 

Environmental Control and Life Support Systems (ECLSS) 

Extravehicular Activity/Manned Systems (EVA/MANSYS) 

Fluid Management System (FMS) 

Power System (POWER) 

Propulsion (PROP) 

Robotics (ROBOTICS) 

Structures/Materials (STRUCT) 

Thermal Control System (THERM) 

Each chairman worked with a panel of experts involved in research and development in 
the particular discipline. The chairmen, with the assistance of their panels, were 
responsible for selecting invited presentations, identifying and inviting Space Station 
Freedom Level III subsystem managers, and focusing the discussion of the participants. 
In each discipline session, presentations describing status of the current programs were 
made by the Level III subsystem managers and by OAST program managers. After 
invited presentations by leading industry, university, ana NASA researchers, the 
sessions were devoted to identifying technology requirements and to planning programs 
for development of the identified technology areas. Particular attention was given to 
the potential requirements of the Human Exploration Imtiative (HEIV The combined 
inputs of the participants in each session were incorporated into a package including an 
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overall discipline summary, recommendations and issues, and pioposed development 
plans for specific technology areas within the discipline. These technology discipline 
summary packages were later supplemented by the chairmen and their panels to 
include the impact of varied funding levels on the maturity of the selected technologies. 
OAST will review the program plans and recommended funding levels based on 
available funding and overall NASA priorities and incorporate them into a new OAST 
initiative advocacy package for space station evolution technology. 

These proceedings are organized into an Executive Summary and Overview and five 
volumes containing the Technology Discipline Presentations. 

Volume V consists of the technology discipline sections for Structures/Materials and 
the Thermal Control System. For each technology discipline hi this volume, there is a 
Level 3 subsystem description, along with the invited papers for that discipline. 
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The WP-02 Assembly Truss and Structures subsystem Includes the 
Assembly Truss, Mobile Transporter, Airlock, and Resource Node 
structure. The Station Assembly Truss includes all truss 
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ALP. IA JOINT WITH TRANSITION STRUCTURE 
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MANUFACTURE & ASSEMBLE 
LMSC TESTING PHASE I & II 





I 

F 

F 

i 

[ 

r 

r 

m 

l 

r 

r 

T 

r 

r 

[ 

i 

i 


UJ 

x 

<c 


o 

I- 

< 

C/5 

UJ 

X 

H 

Z 

o 

z 

o 


2 < 

lljl CO 

O 

C/5 q_ 

> o 

in g 

X CL 

O /rt 


a s 

d y 


cc 

x uj 

UJI LL 
=1 U, 


O CL 

^ 5 


o > 

-J cc 

Q O 

UJ LL 
N 05 
X H 
CD Q- 

05 H 
05 O 
HI Z 

X o 

X (_5 

z 







. OTHER MECHANISMS 
. AIRLOCK HATCH 

- CREW LOCK HATCH TRADE STUDY IS UNDERWAY TO SELECT A DESIGN CONCEPT 
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5 meter length longerons 

7,07 meter length diagonals 

2 inch OD struts for astronaut handling 


Loads analyses should be conducted for various evolutionary growth configurations to 
identify loading events and characteristics and structural design sensitivity issues. New technology 
development requirements could also be identified such as automated docking systems designed 
to limit contact velocities and structural loads to allow for light weight structural design. 
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The NASA Administrator directed the Office of Space Flight to Chair an Orbital Debris Steering Group, with 
re p re sentatives from other NASA Offices. A technical Coordination Committee, chaired by the Space Science 
Branch at the Johnson Space Center was also established. 
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The Johnson Space Center ha* been studying orbital debris for over 10 years, and has a comprehensive 
program which includes measurements of both small and large debris, model development, and hypervelocity imp 
testing The current largest program is to development a orbital debris radar, with US Space Command, which 
will statistical monitor the 1 cm, and larger, environment. The largest justification of these measurements is t< 
support Space Station. 
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Size range 0.1 mm to 1 cm will h? important 
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Much larger than the meteoroid environment is the amount of masu ’’permanently” orbiting the Earth in the 
form of man-made objects. Moat of the man-made mass is in relative large, old rocket bodies and payloads, vs. 
the relative small dust size for meteoroids. However, if only a small fraction of the man-made material were to 
fragment into the size distribution of meteoroids, the resulting flux would exceed the meteoroid flux. There many 
ways that the man-made objects can, and have, fragmented. 
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- Solid rocket motors firing in space 


The orbital inclinations and altitudes of man-made objects are such as to cause the Earth to be surrounded 
almost uniformly by a shell. A spacecraft within that shell is almost equally likely to run into another orbiting 
object, independent of the direction of motion. Also the differences in the direction of motion between any two 
objects give relatively high encounter velocities, averaging about 10 km/sec. 
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5% of the catalogued population is operational spacecraft; most are the result of the approximately 
in orbit. 
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<a 


The estimated number of fragments was determined from radar data from individual radar si 
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changed 

Below 500 km, very noticeable changes 
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Sensor Altitude Limitations 



Diameter (cm) 





Experiments such as Skylab S149, the examination of the Skylab/Apollo windows, Explorer 46, Examination of 
the Shuttle window...all indicated an orbital debris population of small objects which were not catalogued. 

However, the best data prior to 1989 were the US Space Command Tracked objects, the MIT Telescopic data, and 
examination of the return Solar Max Satellite surfaces. 
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Understanding the euvironment has some critical weight issues associated with the Space Station. In 1989, 
three tests were performed to test the model environment. These testa used the Arecibo Radar in Puerto Rico, the 
Golds tone Radar in California, and US Space Command’s GEODSS telescopes located both a Diego Garcia and 
Maui, Hawaii. The largest surprise came from the telescopic data which indicated that there are two to three 
t imes as many objects in orbit to a limiting size of 10 cm than indicated by the catalogue. 
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Geostationary Platform System 
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Mars Exploration Mission Configuration, Assembly of the 
Aerobrake Sections at Space Station 


Attachment location - Neither the facility or its construction projects should interfere 
with SSF systems • Obstruction of 1 ine~of— sight to SSF components should be minimized 
Construction projects should be within sight of the habitable modules. For safety, all evas 
must be observable by an IVA crew member. 
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Construction Facility Requirements 



• Internal and external 
Utilities 

• Electrical power, data, thermal 
Test and checkout equipment 

• Alignment, temperature, electrical measurement, modal survey 
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Generic Attachment Platforms 
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Space Station Utility Systems 
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SPACE STATION UTILITY SYSTEMS 
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Soviet Aerospace Fabrication - An Overview (In-Space Welding) 

On th6 other hand, the Soviets have made an "all out" commitment to 
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as 


ship wall 

• Did not penetrate because in Mr. Paton’s opinion, earth’s 
magnetic field caused beam to curve 

Despite this narrowly avoided disaster, Soviets standardized on 
E.B. as the one process to use 
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Mr. Hal Conaway, Rocketdyne 
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EVA Electron Beam Welding System 
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The 2.2 kilogram gun obtains its 1 KW of power from the spacecraft 
(the primary is 27 volts DC with and invertor). The gun voltage is only 
18,000 volts, maximum, and the maximum beam current is 70 MA. 






Lt. Gen. Djanibekov Demonstrating Gun 
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Concept of EB Welding Trusses 
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LEVEL WELDED PANELS ARE COMPARED 
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On Orbit Electron Beam-EVA 
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A schematic of this modified gas tungsten arc welding torch developed 
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CO Lasers for Space Applications 

In an independent effort, a program definition to develop a Carbon 
Monoxide laser is underway. This unit would provide high power at high 
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Processes Under Consideration - Explosive Bonding 

The use of ribbon explosives or small detonation charges appropriately 
located on or near parts to be joined can produce a running shock wave at 
the bond joint. This wave provides both interruption of the interface oxide 
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Explosive Welding Setup Appropriate for Tubing 
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Soviets for attaching all the tubes at a nodal point in one operation. 


Explosive 






Processes Under Consideration 
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0 Thermit Welding 
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PROBE is a Shuttle flight demonstration experiment designed to study EVA assembly of 
precision segmented reflectors. The experiment proposal was submitted by the NASA Langley 
Research Center to the Office of Space Flight in February 1989. Langley was notified on 





'4TV. 


„ W 


♦ — — 




NASA Langley Research Centei 




The PROBE truss consists of 51 graphite-epoxy struts with aluminum end joint fittings for 
attachment to 18 nodal joints. Since the truss is parabolic, the struts cannot all be the same 
length, nor are the nodal joints identical. Thus these components will be stowed in canisters 
in a specified order for astronaut accessibility during on-orbit construction. Seven simulated 





NASA Langley Research Center 


The panels will be stowed in a specified order in a dispenser type canister with a grapple 
fixture for manipulation by the RMS. The RMS will be used to maneuver the panel canister 
into proximity of the truss (within arms reach of the EVA astronauts), however, the 
astronauts will manually remove the panels from the canister and make the final attachments 
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A I AC A EASE 


PROBE is anticipated to be approximately twice as involved as ACCESS because of the ad tied 
integration complexity associated with installation of the panels. As with ACCESS, PROM. 
will be assembled on an assembly fixture attached to a pallet in the Shuttle cargo bay. The 
assembly fixture will consist of a telescoping mast with a turnstile located at its upper end tor 
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Primarily because of added integration complexity associated with the panels 

NASA Langley Research Center HLAUD uiC/±9 







The joints that will be used for the PROBE truss are similar to the Space Station Freedom 
baseline joint, although scaled down to be compatible with one-inch diameter russ members. 
These joints are well developed and have already been used to assemble at Lang ey a precision 
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The PROBE assembly fixture, foot restraints, and strut and node canisters will be supported 
during launch and reentry on a Mission Particular Equipment Support Structure (MPESS), a 
standard Shuttle carrier pallet. The panel canister may also be attached to the MPESS or at 
another location in the cargo bay which is accessible to the RMS. Deployment of the assembly 








Based on the ACCESS experimental results, xt is estimated that the worksite can be prepared 
for assembly within 23 minutes following the astronauts exit from the airlock. 







Working from fixed foot restraints the astronauts assemble a segment of the truss on the 
turnstile. A node/strut numbering scheme has been developed which requires no special 
training or written instructions. (The time estimates appearing herein are not generated from 
computer simulations, but based on experimental results obtained from the ACCESS 
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00:29:00 





The RMS will be used to maneuver th. panel canister close to the concave surface o! the truss. 
The astronauts working from foot restraints atta :hed to a truss-like catwalk on top of the 
MPESS will manually remove a panel from the canister, attach it to the truss, and install the 
additional struts required to stabilize the panel. Two panels will be attached betweer 120° 




01 :03:00 01 :04:30 

IWVSA Langley Research Center - ■ — — 1 — — — — — ■ ■— — Heard 4-17-89 



Following assembly, servicing will be demonstrated by installation and removal of a single 
panel in the center of the reflector. Again, the RMS will be used with an astronaut position 
ir. the Manipulator Foot Restraint fMFR) to act as a grapple. Two special tools used in this 
operation are the panel assembly tool and panel assembly tool guide. 
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An aluminum planer truss mockup has been fabricated and assembled in the laboratory as 
aid to developing the on-orbit assembly procedure for PROBE. Three low-fidelity flat panel 
are also being used in this on-going study. 
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Pending notification of PROBE go-ahead, plans have been made under base R&T to assemble 
parabolic truss and attach reflector surface panel mockups in neutral buoyancy tests. 
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•e motion base 


A photograph of some of the facility components are s.iown in tr.is figure. The truss has tubular 
strut members that are 2 meters long and 2.6 cm in diameter. There are 102 struts in the 
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The assembly facility executive program operates from the micro VAX workstation and the 
operation is shown schematically in the figure. The system operator selects the desired 
assembly function from a menu of preprogrammed operations. The selected menu function is 
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To support the logical progression of the research program a number of activities listed on the 
accompany chart are planned for near term development. Some of these activities, such as 
attachment of panels, will expand the system capabilities while others, like the path planner and 
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Many useful technical observations in automated assembly hav* been developed from the lif ted 
research conducted to date. Several of these are highlighted on the accompanying chart Th^ 
motion base hardware and truss structure were stiffness designed so that gravity induced 
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The large number of struts necessary for the support trusses required for future space missions 
such as iubmillimeter astronomical antennas and the Mars aerobrake make it impe ative to 
examine alternate techniques for structural assembly. Due to the repeatability of the members in 
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CONDENSATE DRAINAGE SUCTION (cm WATER ) 
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PREDICTED CONDENSATION HEAT TRANSFER 
COEFFICIENT AS A FUNCTION OF SUBCOOLING 



SUBCOOLING (C) 
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DROPLET EVAPORATOR 

1.1 DROPLET IMPINGEMENT HEAT TRANSFER 

1.2 MULTIORIFICE DROPLET GENERATOR 

- Nozzle DrMling 

- Piezoelectric Transducer Design 
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Expansion of TCS Monitoring & Controls Subsystem (shared SPD 
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TIER I - INTERNAL HOOKS 
- SOFTWARE ENHANCEMENTS 
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THERMAL EXPERT SYSTEM PROJECT - TEXSYS 


I 



I 


415 


~ Demonstration planned ar final milestone 




TEXSYS consisted of four aajor software units layered on top of one anothei - 
JSC developed both the conventional control software that interacts with the 
test article and its interface software to the expert system. ARC developed 
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fashion, with its first step to interact with a smaller TCS brassboard test 
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TEXSYS was designed to conduct both real time control and fault detection, 
isolation and recovery (FDIR) of the thermal test article. From a list of 38 
potential faults, ten faults were selected for implementation and demonstration 
in TEXSYS The test article was configured to allow detection of all 10 
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THERMAL EXPERT SYSTEM PROJECT - TEXSYS 



• Slowdowns in processing time decreased reliability, ease of use 
- On-screen explainations need to be enhanced 



technology provides useful tools to engineers attempting to 
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